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(57) ABSTRACT 

A process for providing a metal oxide-containing coating on 
a compatible substrate, the coating being transparent to a 
photocuring source output and upon cure being resistant to 
electrical stress. The process of the invention comprises a) 
preparing a precursor composition comprising a mixture of 
a stabilizer and a metal o?dde sni precursor material: b) 
combining the stabilizer/metal oxide sol precursor materiaj 
mixture with a photocurable base resin without high shear 
nnixing to achieve a homogeneous, transparent composition; 
c) coating the substrate material with the transparent com- 
position: and d) photocuring the coated substrate bearing the 
transparent composition, wherein the cured coating is 
homogenous and transparent and remains transparent in the 
use state, thereby rendering the coating corona resistant. 
This invention further relates to the coaled substrate. 

18 Claims^ No Drawings 
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PHOTOCURABLE COMPOSITION FOR 
ELECTRICAL INSULATION 

The invention relates toinsuiative coatings which exhibit 
high electrical stress endurance and arc photocurable. More 
specifically, the invention relates to photocurable coatings 
which improve bulk electrical stress endurance. 

BACKGROUND OF THE INVENTION 

Insulation coatings are needed in many applications, and 
are particularly important in electrical applications. Electri- 
cally insulative coatings need to exhibit high thermal, elec- 
trical and chemical endurance in order to prevent premature 
insulation failures in the electrical component insulation of 
motors, particularly under high voltage impulse conditions. 
Thermaliy curable electrical component coatings have been 
used historically to insulate naagnet wire and other electrical 
components and cable products. These coatings, however, 
often times have a large void volume, which generates 
corona (partial discharge) under electrical stress, thus caus- 
ing coating failure. The void volume of a coating is at least 
partially a function of the amount of shear mixing necessary 
to produce a uniform coating con^osition. It is also solvent 
dependent, to some extent, which affects the viscosity of the 
coating components. 

Photocurable electrical component coatings can improve 
bulk electrical stress endurance by generating substantially 
less internal void volume, as compared to heat or thermal 
curable solvent-based coatings. However, these photocur- 
able coating systems or compositions may still lack electri- 
cal stress endurance. Thermally curable electrical compo- 
nent coatings include inorganic additives to achieve the 
desired surface electrical stress endurance. Such inorganic 
additive materials include alumina, silica, fumed meiaJ 
oxide particulate additives, and other such materials. U.S. 
Pat. No. 4,760.296. for example, discloses the inclusion of 
organosilicates or organoaluminates as the organo-metallic 
material of choice to achieve improved electrical suess 
endurance. The '296 disclosure further provides for the use 
of these materials on the basis of a specified particle size 
range and on the presence of only Si — O or AJ — O bonds 
within the additive material. 

The foregoing additions of metal oxide additive materials 
are. however, in each instance unsuited fcff use with photo- 
cured processing due to the lack of necessary transparency 
of the coating material to the cure medium. The use of these 
non-transparent materials with photocure processing tech- 
niques results in non-uniform coating curing, as the light 
energy curing agent may unevenly penetrate the coating, due 
to particle blockage and scattering, thus curing some coating 
segments and not curing others. Another problem caused by 
the same uneven, non-uniform penetration of the curing 
agent is premature cure of the coating. The '296 patent also 
claims that organoaluminate and organosilicates. such as 
aluminum acetylacetonaie and aluminum di-sec-butoxide 
acetoacetic ester chelate, can be used to produce clear resins. 
However, these organoaluminum compounds are limited to 
use in epoxy resin-based systems and are not suiuble for the 
present acrylic-based system because they are generally not 
good co-reactants for acrylics. As a resuh, they tend to (1) 
plasticize the cured articles, (2) generate nonuniform disU*i- 
bution of the additives in the cured articles, and/or (3) bleach 
out with aging, all of which factors limit the amount of such 
compounds which can be added to the base resin. 

What is needed is an electrical component insulation or 
coating which is photocurable and allows for ease and speed 
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with respect to (he coating of a substrate, and which results 
in a coating which exhibits not only internal electrical stress 
endurance, but which exhibits surface electrical stress 
endurance as well. It is also desirable to provide j coating or 
5 insulation which is uniform, smooth, continuous and pinhole 
Iree. Finally, it is very desirable that the coating or insulation 
have a long shelf life, and not suffer from precipiution of the 
additive material either over time or in reaction to various 
environmental factors. 

10 

SIFMMARY OF THE INVENTION 

The invention relates lo a process for providing an alu- 
minum oxide-sol containing coating on a compatible 
substrate, the coating being transparent to a photocuiing 
source output and upon cure being resistant to electrical 
stress, high temperature and corona discharge. The process 
of the invention comprises a) preparing a precursor compo- 
sition comprising a mixture of a stabilizer and a metal oxide 
sol precursor material; b) combining the stabilizer/metal 
oxide sol precursor material mixture with a photocurable 
base resin without high shear mixing to achieve a 
homogeneous, transparent composition; c) coating the sub- 
strate material with the transparent composition; and d) 
photocuring the coated substrate bearing the transparent 
composition, wherein the cured coating is homogenous and 
transparent, thereby rendering the coating corona resistant. 
This invention further relates to the coated substrate. 

DETAILED DESCRIPnON OF THE 
30 INVENTION 

The invention relates to an insulation iiiaicrial to be used 
on electricaJ components and other substrates that is homog- 
enous in the cured form, thus rendering the substrate coated 

35 with this insulation material higliiy corona resistant. The 
coating of this invention is suitable for photocure processing 
due to the transparency of the coating composition in the 
uncured stale, as it is applied to the substrate, and due to the 
fact that the coating is not rendered opaque upon curing. An 

^ added benefit to the use of this photocurable coating as 
compared to formerly known thermal cure, opaque coatings 
is that this coating can be cured much quicker than the 
thernaal cure coatings, thus reducing processing time and 
costs. Alternatively, this coating can also be thermally cured 

^5 in the presence of compounds that can generate free radicals 
upon heating, for example peroxides such as benzoyl per- 
oxide. In general, the resulting coated article remains trans- 
parent. 

While not being bound by any specific mechanism or 

50 theory, it is speculated that the coating which results from 
photocuring the coating composition described herein may 
be substantially void free. By substantially void free" it is 
meant that the coating is pinhole-frcc. lacking holes or other 
fissures in the coating surface or in the volume thereof, or is 

55 at least free of voids of sufficient size to generate corona 
discharge. Voids which generate corona discharge are the 
location where corona attack occurs. The absence of voids in 
the cured coaUng therefore translates into a coated substrate 
wherein the coating is not susceptible, as are coatings which 

60 arc not void free, to degradation from high electrical stress 
which adversely affects coating life and performance. This 
may be one reason that the subject coating exhibits enhanced 
electrical endurance over prior known coatings. 
The coating is also characterized by its homogenous 

65 naaire after cure. The terra "transparent" as used herein with 
relation to the cured coating refers to the homogeneity of the 
coating at the molecular level. 
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The coating further is a low viscosity composition. An Icnis arc overcome in (his new coating by the use of metal 

obvious advantage to use of this coating is therefore seen oxide precursor maierials in the sol-gel or colloidal form 

clearly in the ability to more easily comply with environ- which arc very low viscosity materials and which create 

mental guidelines and regulations. transparent coatings susceptible to photocuring processes. 

Another advantage maintained by using an insulative 5 niv^j . ^ j -.^ r ^ ... 

coating consistent ufth that disclosed herein is the capability J^'^TTT ITI 7 \ 7' fumed aluminum 

to apply the coating in a very thiii coat. TTiis is due (o {he lack ^^^^^J^^^l^de the fact that a clear soluuon cannot be formed, 

of particulate matter in the coating composition, which viscosity is generally very high. Conventional 

allows the coating to be appUed unifomily over the entire ofganoaluminum compounds are generally not good corc- 

substrate surface with ease. Substrates, such as round and octants for aery Ucs. as stated above, and as a rcsuh, they tend 

rectangular copper wire for rotating machinery, due to the *^ plasticize the cured articles. (2) generate nonuniform 

very thin coating which can be eflfecUvcJy appUed and yet <"stribuUon of the addiUve in the cured articles and/or (3} 

remain useful can be more tightly packed, or wound This ^^^^^^ ^^mg. which limits the amount of such 

feature alone can aid in reducing motor or other part sizes. compounds mixed into the resin, 

and yet allows the maintenance of the electrical stress profile , 5 p^^^ 

of this material. Alternatively, thicker coatings are also ^ 

easily achieved due to the transparent nature of the coating The coating composition includes a suitable base resin 

composition which greatly enhances the ease of curing the system which is compatible with the underlying substrate, 

coating at any thickness by photoemissive source. i-e.. it will provide good adhesion, and which has good 

Coatings of this type will find application in any field 20 characteristics. The resin system formulation used 

where substrates require insulative protection. The coating coating includes a suitable base or bulk resin, a 

has excellent electrical and thermal characteristics, and is cross-linking agent, and a photoinitiator. Preferred base or 

mechanically sound as wciJ. For instance, the coating is resins are those polymer resins which are LfV curable, 

desirable for use in coating stators for use in various motor ^^^^h as acrylics, methaciylates and unsaturated polyesters, 

applications. These devices encounter considerable clcctri- 25 ^^"^^^s of suitable acrylic resins include monoacrylics, 

cal stress and their performance and life are substantially diacrylics. triacrylics. tetraaciylics. penatacrylates. 

enhanced by the use of a highly corona resistant coating. In general, the formula for suitable acrylics is 
These coating are more particularly and advantageously 

suited to those applications where the transparency of the I(R')jC=C(R'x^ooi^^ 

resulting coating enhances the workability or usability of the 30 where is selected from hydrogen and a C,, ,3, monova- 

coated substrate. Products which will benefit from use of this lent radical, is a polyvalent organic radidd", aLd n is an 

coaang for these reasons, or for reasons in addition to the integer having a value of 1 to 4. inclusive 

above are products such as photoelectronic devices and Examples of monoacryUcs include isobornylacrylate, 

optoelectronic devices or components, such as optical sen- isobornylmethacrylate. ethoxyethoxy ethyl acrylate, 

sors and wave guides to name only a few. These types of 35 2 -carb oxy ethyiacryl ale. eth vlhexylacry late, 

produas are enhanced by the i^ansparcncy of the coating in 2-hydroxyeihylacrylate, 2-phenoxylethylacrylate, 

^e cured state as well as by the high corona resistant 2-phenoxyethylmethacrylate. 2-ethylbutylmethaco^late. 

charaaerisuc of the coating. 9-anthiacenylmethyl methacrylate. 4-chlorophenylacrylate. 

Ceramic additives, such as glass fillers or mica, have cvclohexylacrylate. dicyclopentenyloxy ethyl acrylate. 2-(N. 

histoncaUy been a material of choice in coating for protect- 40 N-diethylamino)ethyl methacrylate. dimethylarainoeopenryl 

ing many of the products for which this coating is intended. acrylate, caprolactone 2-(methacryloxyjelthylester, and 

This is based on the fact that ceramics are by nature highly furfurylmethacrylate, poly(ethylene glycol)raethacrylaie. 

resistive to high temperature processing, both in production acryUc acid and poly(propeylene glycol)methacrylate. 

and in use. and they are highly resistive to oxidative deg- Examples of suitable diacrylates include 2.2-Bis(4- 

radation. Most ceramic additives, however, due to their 45 raclhacryloxyphcnyl)propane, 1.2-butaDediol diacrylate. 

compositional and physical makeup. re<]uire the use of high K4-butanediol diacrylate, 1 .4-butanediol dimethdcrylate. 

shear mixing to achieve a uniform, homogeneous composi- 1.4-cyclohexancdiol di methacrylate, 1. lO-decanediol 

tion suitable for coating process conditions. High shear dimcthacrylatc, dicUiylcnc glycol diacrylate, dipropylene 

mixing inherently creates voids in the resulting, cured coat- glycol diacrylate, dimethylpropancdiol dimcthacrylatc. tri- 

mg due to the entrapment of air in the coating mature and 50 ethylene glycol diracthacrylate. tetracthylcnc glycol 

the creation of voids in the coating upon cure by the release diracthacrylate, 1,6-hcxancdiol diacrylate. ncopcntyl glycol 

of entrapped air and gases. The presence of voids in the diaciylate. polycthylcoc glycol dimcthacrylatc. tripropylcnc 

cured coating allows corona generation which attacks the glycol diacrylate. 2.2-bisl4-(2-acryloxyethoxy)phenyl| 

undcrlymg substrate and degrades the coating itself under propane. 2.2-bis[4-(2-hydroxy-3-mctiiacryloxypropoxy) 

electrical stress when in use. 55 phenyljpropanc, bis(2-methacryloxycthyl)N,N'.1.9- 

Particularly popular for use in the prior art thermal cure nonylene biscarbamatc, 1 .4-cycloheancdimethanol 

processes are fumed metal oxides. These materials, dimethacrylate. and diaciylic urcthanc oligomers (reaction 

however, are very high viscosity materials and generally products of isocyanate terminate polyol and 

require the use of organic solvents to achieve a coatable 2-hydroethylacrylate). 

composition. The organic solvents, or volatiles, used to 60 Examples of Iriacrylates include tris(2-hyroxyethyl) 

achieve a workable viscosity level create voids in the isocyanurate trimethacrylate. tris(2-hydroxyethyl) 

rcsuhing coating, thus rendering the coating susceptible to isocyanurate triacrylate, trimethylolpropate trimethacrylate. 

corona attack. Further, because of the particle size of the trimelhylolpropane triacrylate and pentaerythrilol triacry- 

particulatc metal oxides used, photocure processes are late. 

unsuitable to cure the coatings. The larger particles cause 65 Examples of tetracrylates include pentaerythrilol 

scattering of the irradiated light, which renders the coatings tetraacrylate. di-trimethyloproprane tetraacrylate. and 

subject to incomplete and non-uniform curing. These prob- ethoxylated pentaerythritol tetraacrylate. 
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Examples of pcntaacrylates include dipentaerythritol pen- 
laacrylaic and pentaacrylate ester. 

The base resin of the coating composition of the present 
invention also contains other radiation curable aJiphatically 
unsaturated organic compounds, such as acrylamides of the 
general formula 

wherein R' and are as previously defined, and n is an 
integer having a value of 1 to 4. inclusive; and unsaturated 
polyesters, which arc condensation products of unsaturated 
dicarboxylic acids and diols. and vinyl compounds, or 
compounds having a terminal double bond. These materials 
are co-cured with the acrylic component by free radical 
technique. Examples of vinyl compounds include 
N-vinylpyrrollidone. styrene. vinyl naphthalene and 
vinylphtalimide. 

The resin system of the photocurable compositions of the 
present invention also contain a photosentisizing amount of 
a photinitiator or a combination of photoinitiators. i.e., an 
amount effective to effect the photocure of the composition 
in a non-oxidizing atmosphere, for example nitrogen, by 
absorbing the light energy, whether LTV or visible, and 
generating radicals. Generally, the photoinitiator(s) is 
included in the resin in an amount of from about 0.01% to 
about 8.0% by weight, and preferably from about 0.1% to 
about 5.0% by weight of the photocurable resin. For 
example, some suitable unimolecular photoinitiators. which 
absorb light and decompose to generate radicals, include 
2.2-dimethoxy-2-phenylacetophenone. 2-methoxy-2- 
phcoylacctophenone. 2-dimethylamino-2-benzyl- 1 
(4-moipholiniphenyl)-buten- l-one and dipheDyl-2,4.6- 
trimethlbenzoylphosphine oxide. 

Bimolecular photoinitiators. where photoabsorbing com- 
pounds such as ketones react with electron donating com- 
pounds such as amines to generate radicals, include combi- 
nations of ketones and amines. Examples of such ketones are 
benzophenone, acetophenone, 2-isopropylthiothanthone. 
xanthonc, benzyl, comphorquinone and couraarin deriva- 
tives. Examples of the amines include 2-(dimethalamine) 
ethanol and methyl p-(dimethylamino)benzoate. 

The cross-Jinking agent used as pan of the base resin 
system is used in addition to the raonofunctional group to 
achieve specific properties in the resulting material, i.e., 
softness, high temperature perfonnance, etc. Suitable cross- 
linking agents according to this standard include 
di-functional and tri-functiooal acrylics, such as 
Bisphenol-A diraethacrylate. tetra-functional acrylics, and 
di-pentaacrylates. such as dipentacrythrctol pcntaacrylatc. 

The l>ase resio system of the photocurable resin compo- 
sition of the present invention is used in combination with 
metal oxide sol stabilized with a compound having a pho- 
tocurable functional group and a chelating group. In general, 
a metal oxide sol can be produced by hydrolysis of the sol 
components that pass through a solution state and then a gel 
state and the subsequent condensation thereof. Metalorganic 
compounds or inorganic salts, such as metal alkoxides, 
metal carboxyiatcs. metal halides aod metal nitrates are 
suitable sol precursor materials. Metal alkoxides are the 
preferred precursor materials. 

More specifically, metal oxide sol-gel materials for use 
herein arc prepared according to a process whereby the 
metal oxide precursor is first partially hydrolyzed to form 
reactive monomers, then these monomers undergo poly- 
condensation to form colloid-like oligomers, i.e. sol 
formation, and finally an additional hydrolysis process pro- 
motes polymerization and cross-linking to form a matrix, or 
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gel. The various reactions in fact occur simulianeousiy after 
the initial processing state, hence the connotation "sol-gel". 
See C. J. Brinker and G. W. Sherer, Sol-Gel Science, Physics 
and Chemistry of Sol -Gel Processing, Academdc Press. San 

5 Diego. 1990. 

As has been slated above, the metal oxide sol component 
of this coating composition provides propenies which are 
advantageous in the processing of the coating and in the 
coating itself which are unattainable from other metal oxide 

10 sources. Fumed meal oxide, popular in prior insulaiivc 
coatings, does not form a clear solution, and further is 
generally of a very high viscosity, thus requiring increased 
solvent use to attain a coaiable composition. Conventional 
organoaluminum compounds are in general not good 

15 co-reactants with acrylic resin components, causing cured 
articles to display increased plasticity, causing the compo- 
sitions to generate cured articles having non- uniform addi- 
tive distribution, i.e.. the coating is not homogenous, and 
causing the cured articles to bleach with aging, causing a 

20 necessity to limit the amount of such components which can 
be mixed into the base resin. U.S. Pat. No. 5.468.789 
discloses a process for producing a UV curable hardcoat 
including colloidal silica and using a water-based system. 
The subject preferred metal oxide sol which is an aluminum 

25 oxide sol material, would not be suitable for use in the '789 
processing technique, however, because colloidal aluminum 
oxide is substantially more reactive than colloidal silica and 
therefore requires stabilization with a strong counter anion, 
such as a nitrate anion. These anions, however, are not 

30 suitable for use in electrical applications because they arc 
generally conductors. Therefore, aluminum oxide is not 
suitable for use in a water-based system. In addition, with 
this material there is a risk of gelation, which would cause 
the resulting article to be opaque and non-uniform upon 

35 drying. 

The stable metal oxide sol used in the present photocur- 
able composition for electrical insulation can be prepared in 
accord with the following procedure. Preferably, the metal 
oxide sol for use herein is aluruinum alkoxidc sol material. 

40 An aluminum alkoxide. such as aluminum isopropoxide or 
aluminum sec-butoxide, formed in an appropriate amount of 
solvent, preferably in an alcohol solvent, is first treated at 
room temperature with the chelating compound. The solvent 
may be a material such as isopropanol, scc-butanol. 

45 racthoxycthanol. cthoxycthoxyethanol or ethylene glycol. 
The chelating compound is included at a molar ratio of 
aluminum alkoxide: chelating compound of approximately 
from 1:0.1 to 1:3, preferably from about 1:0.2 to 1:1.5. 
.Subsequent to treatment with the chelating compound, the 

50 alkoxide is treated at room temperature with deionized 
water, typically at a molar ratio of aluminum oxide: water of 
about 1:0.5 to 1:3, for hydrolysis and condensation. The 
resulting alununum oxide sol can be mixed with acrylic 
monomers, a photoiniator. and other ingredients, such as an 

55 adhesion promoter, to form a clear solution. An advantage of 
the coaling composition formed in this manner is that this 
solution does not form any precipitate, even over a long 
period of time, at least about six (6) months, or when stored 
in a dark place, and can be coated onto a substrate in a 

60 uniform manner using various coating methods which will 
be known to the skilled artisan and can readily be adapted to 
the subject coating process. 

The solvent used to prepare the aluminum alkoxide sol 
can be removed before mixing the sol with monomers and 

65 other ingredients under vacuum. Alternatively, the solvent 
may be removed from the sol after it has been combined 
with other coating components, but prior to applying the 
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coaUng composition to the substrate. Finally, the aluminum cure, by co-reacting with the monomers upon exposure to 

alkoxide sol solvent may be removed from the coating light. The resulting coating is an inorganic/organic nano- 

compositioD subsequent to the coating procedure by the composite in which the sol is uniformly distributed in the 

application of heat, at temperatures high enough to volatize malriA at a molecular level and can overcome problems 

the solvent. 5 associated with conventional organoaluminum compounds. 

In yet another alternative embodiment, water can be chelating functional groups include beta diketone. 

added for hydrolysis and condensation after mixing with acetal acetate, and salicylic acid. Hydroxyqu incline is also a 

monomers and other ingredients. The coating composition coordination functional group. These chelating func- 

can also be prepared in acrylic monomers without a solvent. ^^^^^ groups react with aluminum to form a coordinated 

or in the absence of a non-reactive element such as a lO ^^"'^'"""i complex that can prevent gelation of the sol by 

non-reactive diluent, as set forth in Example 9 below. retarding further hydrolysis and/or condensation during the 

The sol component, or addiUve. may be included as up to "^"''"^ operation and have exceUent storage life, 

about 70% by weight of the total coating composition. .f^T^LlI^"^^'"' T"^ ^'''f ' 

Preferably, at least about 0.5% by weight of the totalcoating '^Vn Tk^^ T"^ 2-(methacryloyloxy)ethyl 

• *u T ■ ^ acetoacetate. 5-(methacry ov oxy)methv salicylic acid and 

composition IS the metal oxide sol adduiye and more 15 4-methacryloyi amino salicylic acid. Also. pVSene 

pref^ably the coating contains from about 1.0% to about ^^y.^y meOiacrylate, and poly(propylene glycol) methacry- 

40.0% by weight of the metal oxide addiUve, The amount of utc may be used as suppl^entai stabilizers by adding the 

addiuve used in a parUcular coating is determined by compound to the base resin in a lower amount and using the 

processabdity and pefformance of the coating, by viscosity resin in conjunction with one of the above stabilizers, 

requirements, by mechanical, electrical and thermal 20 

properties, and by coating concerns. It is advantageous to Processing 

use as much of the metal oxide additive as possible to ^ preparing the coating composition, the most imponant 

achieve increased insulative benefits. The amount used is. factor is to ensure that the chelating agent is added to the 

however, limited in a practical respect by the mechanical solution and coordinates with the aluminum prior to the 

parameters of the coating, 25 ^^^^^'^ ^^^^ system. In this regard, tiie coating 

The metal oxide additive, as stated above, is used in the composition can be prepared by first combining the metal 

sol form. A sol as the term is used herein, refers to a ^^'^dc precursor and the chelating compound stabaizer. This 

composition comprising a liquid colloidal dispersion. The T^'^ * . \ '^'"^ 

subject metal oxide sol mi^es homogeneously with the i^.TLZ^I.inn ^^^^ 

. . . .. ingcomposiaon. The fact that the metal oxide IS used in the 

^Zr^nr T ^^rT"" 'If '''^Tr*"'- '° ^olfornThasanaddedbenefltiDthatitis not necessary to use 

transparent to a photocure source regardless of thickness. organic solvents, as would be needed to reduce viscosity 

and not suscepuble to metal oxide precipitation. levels if paniculate metal oxide material was used. 

When usmg a photo miUated curing process^ it is gener- xhe coating composition is appUed to the substrate or 
dly □eccssary to have particles of less than 0.2 microns. work piece by any of a number ofSiown coating techniques 
Particles in excess of 0.2 iiucrons would be capable of 35 which include but are not limited to spin coating dip 
scattering light, thus potentially resulting m uneven curing. coating, spray coating, electrical components coating, die 
Because the invention employs a metal oxide sol. which has coating, and bar coating. The viscosity of the coating com- 
no particulate matter, scattering is not a concern. Because of position need only be the coaubk range to afford the use of 
the lack of true particles, the coating is a homogenous this wide array of coating techniques, 
mixture which provides uniform resistance to oxidation. 40 The coated worlqjiece or substrate is then exposed in the 
This contrasts with particulate fillers which require high conventional manner to a photocuring source. Whether the 
speed mixing to maintain homogeneity'. Once mixing is photocure is by UV or visible light depends on the photo- 
stopped, the particles tend to agglomerate causing regions of sensitizer used in the coating composition. Because the 
higher particle concentration and regions of lower concen- coating composition is transparent and readily transmits the 
tration. This can lead to accelerated oxidation in the particle- 45 i^a^ated light from the photocure source, the coating easily 
poor regions. achieves a complete, uniform cure. The thickness of tiie 

Anotiier drawback to tiic use of a metal oxide precursor coating is of tittie or no importance, other than as a matter 

material in other than the sol or colloidal form is the practical efficiency due to cost and end use. such as 

propensity for precipitation of the material from die coating potential packing density which may be enhanced by tiie use 

solutioDovertime, thus limiting the shelf life of the coating 50 ^^'^ coatings. The cured coating is substantially 

composition. For example, the use of commercially avail- completely transparent, as was the coating composition prior 

able fumed alumina or sUica results in precipitation of the ^° curing process, 

particulate metal oxide material after about one week in EXAMPUE 1 
storage. This is avoided in the coating composition provided 

herein by the lack of any appreciable particle size, oc the use 55 Preparauon of Aluminum Trimethoxyethoxide 

of tfie sol/colloidal form of the metal oxide material, which A mixture of aluminum triisopropoxide (20.4 gm) and 

affords the creation of a homogeneous mixture, thereby 2 -methoxyethanol (76 gm) in a round bottle flask was heated 

eliminating any possibility of precipitation. to 90° C. for one (1) hour to obtain a homogenous solution. 

The metal oxide sol is used in combination with a Subsequently, pari of the solvent (mainly isopiopanol) was 

stabilizer comprising a chelating compound containing at 60 removed under vacuum to give a clear, low viscosity solu- 

ieast one photoreactive functional group and at least one tion (54.5 gm). containing 46% aluminum trimethoxyethox- 

chclating functional group. The photoreactive functional »dc. 

groups include an acrylic unsaturated bond and other radia- EXAMPLE 2 
tion curable aliphaUcally unsaturated funaional groups. 

such as vinyl and acrylamide groups. These photoreactive 65 Preparation of Aluminum Sol 

functional groups can ensure good compatibility of the A mixture of aluminum triisopropoxide (2,99 gm, 14.7 

confound with the base resin not only before cure, but after mmole) and 2-methoxyethanol f 13 gm) was stirred at 90° C. 
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until a clear solution was obtained. After cooling to room 
temperature. 2-(methacryloyloxy)ethyl acetoacetate chelat- 
ing agent (1.6 gm, 7.5 mmolc) was first added to the solution 
and the resulting solution was stirred for 30 minutes before 
the addition of deionized water (0.26 gra. 14.7 mmole). The 
resulting mixture was further stirred for one (1) hour to 
obtain a clear and stable aluminum sol solution which 
showed no gel formation even over three (3) months after 
preparation. 

Without the chelating agent, the aluminum alkoxide solu- 
tion quickly generated gelatinous white precipitate upon 
exposure to moisture. 

EXAMPLE 3 

Preparation of Aluminum Sol 

A mixture of aluminum triisobutoxide (1.56 gm. 6.3 
rmnole) and 2-propanol (3.8 gm) was stirred for ten (10) 
minutes at room temperature. To the solution. 
2-(melhacryloyloxy)ethyl acetoacetate chelating agent (0.65 
gm, 3 rmnole) was added and the resulting solution was 
stirred for thirty (30) minutes. The addition of deionized 
water (0.11 gm. 6.3 mmole). followed by stirring for one ( Ij 
hour, gave a clear and stable aluminum sol solution which 
showed no gel formation even over three months after 
preparation. 

Without the chelating agent, the aluminum alkoxide solu- 
tion quickly generated gelatinous white precipitate upon 
exposure to moisture. 

EXAMPLE 4 

Preparation of a 4-(methacryloyl-amino)salicylic 
Acid Chelating Agent 

To a solution of purified toluenc/dicthyl ether (30 nal/30 
ml), 4-aminosalicylic acid (6.58 gm. 43 mmolc) was added 
in a glass vessel. After cooling to below 5^ C. (in an 
ice/water bath), methacryloylchloridc (5 gnu 43 mmolc) was 
slowly added to the mixture while stirring. The resulting 
mixture was stirred for three (3) hours, during which the 
temperature was allowed to increase gradually to room 
temperature. The solid fraction was collected by filtration 
and then washed several times with toluene/di ethyl ether 
The organic extracts were combined, washed with a small 
amount of water, and dried with Na2S04. Removal of the 
solid under vacuum gave a colorless solid (4.5 gm). FTIR of 
the solid confirmed the formation of 4-(methacryloylamino) 
salicylic acid. 

EXAMPLES 

Preparation of Aluminum Sol 

To a solution of aluminum trisobutoxide (0.24 gm, 0.98 
mmole) and 2- methoxyethanol (0.76 gm), 
4-(raethacryloylamino)salicylic acid chelating agent (0.19 
gm, 0.92 nwnole) was added and the solution was stirred for 
thirty (30) minutes. The addition of deionized water (17 mg. 
0^94 nunole) and stirring for one (1) hour to give a clear and 
stable aluminum sol. 

EXAMPLE 6 

LTV-Curablc Resin Composition 

A mixture of tris(2-hydroxyethyl)isocyanurate triacrylate 
(Sartomer SR368. 9.0 gm), urethane acrylate (Sartomer 
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CN971 A80, 13.2 gm). bisphenol A ethoxylate (1 
EO/phenol) diacrylaie (Aldrich Chem., 60 gmj. and 
isobomyl acrylate (Sartomer SR 506. 9.0 gm) in a brown 
glass bottle were stirred until a homogenous solution was 
5 obtained. Subsequently. 2-isopropylthioxanthone photoini- 
tiator (0.36 gm) and ethyl 4-dimethylaminobenzoaie 
co-photoiniator (1.08 gm) were added, and the resulting 
solution was further stirred to give a clear solution. 

EXAMPLE 7 

Coating Composition Containing Aluminum Sol 

The aluminum sol solution from Example 2(17 gm) was 
charged into a flask and the volatiles were removed under 
vacuum to give a clear viscous residue (2.9 gm). To the 
residue, the resin mixture from Example 6 (5.62 gmj. 
isobornyl acrylate (1.25 gm) and 2 -methoxyethanol (2 gm) 
were added, and the resulting mixture was stirred to obtain 
a clear solution. The coating system was applied onto a glass 
plate and IJV-cured for one (1) minute under using a 
BLAK-RAY UV Lamp B^m (IJVP Corp.. Upland. CaUf.) to 
form a clear hard film having good adhesion to the substrate. 

EXAMPLE 8 

25 Coaling Composition Containing Aluminum Sol 

A solution containing the aluminum trimethoxyethoxide 
solution from Example 1 ( 1 gm). isobomyl acrylate (3 gm). 
trimethylolpropane triacrylate (0.36 gm). 
2-(methacryloyloxy)ethyl acetoacetate chelating agent (0.34 

30 gm), 2-isopropylihioxanthone photoinitiator (0.05 gra). and 
ethyl 4-dimethylarainoben2oate co-photoinitiator (0.14 gm) 
was stirred at room temperature for thirty (30) minutes. After 
the addition of deionized water (0.03 gra). the resulting 
solution was further stirred for one (1) hour. Removal of the 

35 volatiles under vacuum gave a clear solution (4.1 grn) . Tlic 
solution was bar-coated onto a glass plate and LTV-cured for 
one (1) minute under to give a clear, hard film with good 
adhesion to the substrate. 

The identical solution without the chelating agent was 
also prepared. In diis case, however, the solution became 
opaque upoQ the addition of water, and gradually generated 
a white precipitate. Attempts to form a clear uniform coating 
were unsuccessful due to the formation of gelatinous white 
precipitates during the application of the coating. 

EXAMPLE 9 

Coating Composition Containing Aluminum Sol 

To a homogenous solution containing isobornyl acrylate 
(3 gm), trimethylolpropane triacrylate (0.5 gra), and alumi- 
num triisobutoxide (0.67 gm). 2-(raethaci7loyloxy)ethyl 
acetoacetate chelating agent (0.54 gm) was added, and the 
resulting solution was stirred for thirty (30) minutes at room 
temperature. After the addition of 2-isopropylthioxanthone 

j5 photoiniator (0.05 gm), ethyl 4-dimethylarainobenzoate 
co-photoinitiator (0.14 gm). and deionized water (0.05 gm), 
the resulting mixture was stirred at room temperature for one 
(1) hour to give a clear solution. The coating composition 
was then applied to a glass plate and ITV-cured for one (1) 

^ minute under to give a clear and hard film, with good 
adhesion to the substrate. 

EXAMPLE 10 

Coating Composition Containing Aluminum Sol 

65 Three coating compositions Examples 10-1. 10-2 and 
10-3. containing aluminum sol. shown in Table L were 
prepared by: 
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( 1> mixing the resin system prepared in Example 6 and the 
aluminum trimcthoxycth oxide (ATME) solution pre- 
pared in Example I; 

(2) adding 2-(methoacryloyIoxy)ethyl acetoacetale 
(MEAAJ chelating agent; 
stirring for thirty f30) minutes; 

(4) adding deionized water; and 

(5) stirring for one (1) hour. 

The resulting solutions were clear and low in viscosity, and 
coaiabie by various techniques, including spin and spray 
coatings. No change in viscosity and clarity was observed, 
even after aging over three (3) months at room temperature, 
in the dark. They were cast onto glass plates and UV-cured 
for one { 1) minute under to give clear, hard films having 
good adhesion to the substrate. 



TABLE I 




Coadna ComDOsitions ContaininK Aluminum Sol 




Example 


Amount of Resin ATME SohHion 
from Eiampk 6 from Example t 


MEAA 


Water 


10-1 
10-2 
iO-3 


3.9 iini 1 . 1 gm 
3.4 gxn 2.67 gm 
2.0 gm 3.3 gm 


0.27 gm 
0.55 gm 
0,40 gm 


0.04 gm 
0.09 gm 
0.11 gm 



20 



25 



12 



TABLE U-continued 



Results of Needle Pomt Corona ResistajKe Testiiii^ 



Sample 
De script ton 



Coat big 


f ATME * 




Coaii]ig 


Applied 


Time to 


Compos ittoij 


MEAAV 




Thickness 


Voltage 


Failure 


Example 


Resiii 


Substrate 


(ruicroiisi 


ikV) 


Chcxirs) 


6 


0 


polyimide/ 
copper 


15 


5.2 


30.8 


6 


0 


polyimitfc/ 
copper 


18 


5.2 


41.2 


lO-l 


0.2 


polyimide/ 
copper 


10 


5.2 


74.9 


10-1 


0.2 


polyimide/ 
copper 


9 


5.2 


99.8 


10-2 


0.52 


polyimide/ 
copper 


12 


5.2 


134.4 


10-2 


0.52 


polyimidft/ 
copper 


12 


5.2 


117.2 


10-2 


0.52 


polyimide/ 
copper 


12 


5.2 


96.8 


6 


0 


copper 


99 


5.2 


25 


6 


0 


copper 


99 


5.2 


16.6 




0.2 


copper 


99 


5.2 


315.4 


EXAMPLE 12 



EXAMPLE 11 

Corona Resistance Testing 

The coaling compositions from Examples 6. 10-1 and 
10-2 were bar-coated at various levels on the polyimide 
surface of 3*^x3" polyimide (76.2 ^)/adhesivc (20.3 pro)/ 
copper < 1 07 pm) laminates (GTS FLEXIBLE MATERIALS. 
INC. Warwick R.I.). The coated substrates were subse- 
qucntJy heated to 60^-80** C. and exposed to a BLAK-RAY 
UV Lamp Model B™ (LTVP Corp.. Upland Calif.) for one 
(1) minute under N2. Test samples were also prepared by 
coating on a 3"x3" Cu plate having a thickness of 0.83 mm 
as described above. The ctircd films exhibited good adhesion 
to these substrates and no dclaminatlon was observed. These 
coating samples were tested for corona resistance by a 
needle point corona resistance test which follows a modified 
ASTM D2275-80 test method. The electrode assembly for 
the test consisted of a needle point electrode and plane 
arrangement with a 1 mm air gap between the electrode and 
the sample. The plane electrode comprised the test substrate/ 
sample whether coated, uncoated* etc. 

The test results set forth in Table n demonstrate clearly 
the enhanced performance of the subject coating over the 
use of a conventional coating or no coating, with respert to 
product life, i.e., time to coating failure due to corona attack. 

TABLED 



Results of Kccdk Point Corona Resiatancc Testing 

Sample 
Description 

Coating (ATME + Coaling Applied Tone to 

Composition MEAAV Thickness Voltage Failure 

Example Resin Substrate (microns) (kV) (hours) 

no coating polyimide/ 0 5.2 11.6 
copper 

nocoatinjE polyimide/ 0 5.2 14.2 
copper 



Coating Composition Without Chelating Agent 

A coating composition identical to that of Example 10-2. 
but without the chelating agent was also prepared. In this 
case, however, the solution became opaque upon addition of 
water and gradual precipitation of aluminum oxide gel was 
observed. The same coating composition containing neither 
chelating agent nor water was also prepared. The solution, 
when applied onto a glass plate, quickly generated a white 
precipitate, resulting in the formation of a non-uniform 
opaque film. 

EXAMPLE 13 

40 

Coating Composition Stabilized with 2,4-pentanc 
dionc Chelating Agent 

A coating composition comprising the resin from 
43 Example 6 (1.0 gm), aluminum trimethoxyethoxidc solution 
from Example 1 (1.6 gm), 2,4-pcntanc dionc chelating agent 
(0.28 gm). and water (0.05 gm) was prepared as described 
in Examples 7-9 . The resulting solution was clear and low 
in viscosity. The coating, although clear before ITV 
50 exposure, became highly opaque during UV cure, indicating 
the phase separation of the inorganic component due to the 
chelating agent having no UV-reactive functional groups. 

EXAMPLE 14 

55 

Resin Composition Containing Fumed Aluminum 
Oxide 

To the resin from Example 6 (1.76 gm). fumed aluminum 
oxide (Degussa aluminum oxidc-C. 0.24 gm) was added in 

60 a glass bottle. Since the viscosity was too high to be able to 
homogenize with a magnetic stirrer. 
3-methacryloxypropyltrimethoxysilanc coupling agent 
(0.04 gm) was added to the mixture. The viscosity of the 
resulting blend gradually lowered and the fumed AI2O3 

65 completely dispersed into the resin. The resin viscosity was 
further lowered by adding 2-methoxyethanot (0.5 gm). The 
resulting composition was highly opaque and was not suit- 
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able for IFV cure application. Furthermore, the solution, 
when aged, tended to precipitate the filler. 

EXAMPLE 15 

IJV-CurabJe Resin Composition 

A mixture of tris(2-hyclroxycthyl)isocyanurate tria cry late 
(Sartomer SR386, 0.95 gm). urcthane acrylatc (Sartomer 
CNM699J25. 1.4 gm). and bcnzylmethacrylate (Aidrich 
Chem.. 3.5 gm) were stirred in a brown glass bottle until a 
homogenous solution was obtained. Subsequently, the resin 
was mixed with 2-isopropylthioxanthone photoinitiator 
(0.066 gm) and ethyl 4-dimethylaminobcDZoatc 
co-photoinitiator (0.19 gm). The resulting mixture was fur- 
ther stirred to give a clear solution. 

EXAMPLE 16 

Coating Composition Containing Aluminum Sol 

A coating composition containing the resio from Example 
15 (3.06 gm). the aluminum sol solution from Example 1 
(1.75 gm). MEAA chelating agent (0.43 gm), and deionized 
water (0.06 gm) was prepared as described in Examples 10- 1 
to 10-3. The resulting solution was clear and low in 
viscosity, and suitable for coating applications. 

EXAMPLE 17 

Corona Endurance Testing 

The coating compositions from Examples 15 and 16 were 
bar-coated onto the polyimide surface of 3"x3'' polyimide 
(76.2 Mra)/adhesive (20.3 M^Vcopper (107 pm) laminates 
(GTS FLEXIBLE MATERLM^S INC. Warwick R.L). and 
UV-cured as described in Example 13 to give clear hard 
films. The cured films exhibited good adhesion to the 
substrate and no delamioation was observed. Corona endur- 
ance testing of the sanqiles set forth in Table m demonstrate 
clearly the enhanced performance of the subject coating over 
the use of a conventional coating or no coating with respect 
to product life. i.e.. time to coating failure due to corona 
attack. 

TABLE m 

Results of Needle Point Corona Resistance Testixy 



20 



25 



Coating 
Composition 
Example 


Sample 
Description 
(AIME-f 
MEAAV 

Resin 


Substrate 


Coating 
TluckDess 
(microns) 


Applied 
Voltage 
(kV) 


Tunc to 
Failure 
(hours) 


□o coating 




polyimide/ 


0 


5.2 


12.9 


15 


0 


cc^per 
polyimide/ 


18 


5.2 


41.2 


16 


0.4 


copper 

polyimide/ 

copper 


9 


5.2 


99.8 



While the foregoing Examples have been provided to aid 
the skilled artisan in more completely understanding the 
subject invention, they are not intended to in any way limit 
the scope of the invention. The full breadth of the invention 
will be apparent to the skilled artisan upon reading the 
specification, and includes the use of any and all known 
equivalent processes and materials. 

What wc claim is: 

L A process for providing a metal oxide- containing 
insulation coating on a compatible substrate, the coating 



being Uansparent to a photocuring source output and upon 
cure being resistant to electrical stress, the process compris- 
ing: 

a) preparing a precursor conposition comprising a mix- 
ture of a stabilizer and a metal oxide sol precursor 
material, wherein the stabilizer is a chelating com- 
pound containing at least one phoiocurable functional 
group and at least one chelating functional group: 

b) combining the stabilizer/metal oxide sol precursor 
naaterial mixture with a photocurable base resin without 
high shear mi>dng to achieve a homogeneous, trans- 
parent composition; 

c) coating the substrate material with the U-ansparent 
composition: and 

d) photocuring the coated substrate bearing the' transpar- 
ent composition, wherein the cured coaling is homog- 
enous and transparent. 

2. The process of claim 1 wherein the photocurable base 
resin is a resin system comprising a bulk resin, a cross- 
linking agent and a photoinitiator. 

3. The process of claim 2 wherein the bulk resin com- 
prises a LTV curable polymeric resin. 

4. The process of claim 3 wherein the bulk resin is 
selected from the group consisting of acrylics. methacr>'lates 
and unsaturated polyesters. 

5. The process of claim 2 wherein the bulk resin com- 
prises an acrylic of the general formula (fR')2C=C(R^) 
COO|„R' wherein is selected from the group'consisting 
of hydrogen and a Cfi.i3j monovalent radical, R* is a 
polyvalent organic radical, and n is an integer having a value 

30 of from 1 to 4. 

6. The process of claim 5 wherein the bulk resin further 
contains a radiation curable aliphatically unsaturated organic 
compound selected from the group consisting of acryla- 
mides of the general formula KR%C=C(R^)CONfR').! 

33 „R* wherein R' is selected from the group consisting of 
hydrogen and a Qi.i3) monovalent radical. R^ is a polyva- 
lent organic radical, and n is an integer having a value of 
from 1 to 4. unsaturated polyesters, and vinyl compounds, 
the radiation curable compound being co-curable with the 
40 acrylic of claim 5. 

7. The process of claim 2 wherein the photoinitiator is 
present in a photosensitizing amount of from about 0.01% to 
about S.0% by weight of the photocurable base resin, and 
comprises at least one photoinitiator selected from the group 

45 consisting of uoimolecular and bimolecular photoinitiators. 

8. The process of claim 2 wherein the cross-linking agent 
of the base resin system is an acrylic agent selected from die 
group consisting of di-functional acrylics. tri-functionaJ 
acrylics, tetra-fiinctional acrylics and di-pcntacrylates. 

50 9. The process of claim 1 wherein the metal oxide sol 
precursor material comprises at least one of a mctalorganic 
compound or an inorganic salt selected from the group 
consisting of metal alkoxides. metal carboxylatcs. metal 
halides and metal nitrates. 

55 10. The process of claim 9 wherein the metal oxide sol 
comprises a metal alkoxide. 

11. The process of claim 9 wherein the metal oxide sol 
comprises aluminum alkoxide sol material. 

12. The process of claim 9 wherein the metal oxide sol is 
60 included as up to about 70% by weight of the total coating 

composition. 

13. The process of claim 9 wherein the metal oxide sol is 
included as from about 1.0^ to about 40% by weight of the 
total coating composition, 

65 14. The process of claim 2 wherein the metal oxide sol 
and the stabilizer material are used at a molar ratio of about 
1:0.1 to about 1:3 metal oxide sol:stabilizer. 
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15. The process of claim 1 wherein the substrate is coated 
with the transparent coniposition by one of spin coating, dip 
coating, spray coating, electrical component coating, die 
coating or bar coating. 

16. The process of claim 1 wherein the substrate is an 5 
dcctricaJ component. 

17. The process of claim 1 wherein the coating is prepared 
in the absence of a non-reactive diluent. 

18. A process tor providing a metal oxide-containing 
insulation coating on a compatible substrate, the coating iO 
being transparent to a photocuring source output and upon 
cure being resistant to electrical stress, the process compris- 
ing: 

a) preparing a precursor composition comprising a mix- 
ture of a stabilizer and a metal oxide sol precursor 15 
material, wherein the stabilizer is a chelating com- 
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pound containing i) at least one photocurable functional 
group selected from the group consisting of an acrylic 
group, a vinyl group, and an acrylaniidc group, and il) 
at least one chelating funaional group; 

b) combining the stabilizer and the metal oxide sol 
precursor material miAlurc with a photocurable base 
resin without high shear mixing to achieve a 
homogeneous, transparent composition: 

c) coaling the substrate material with the transparent 
composition: and 

d) photocuring the coated substrate bearing the transpar- 
ent composition, wherein the cured coating is homo- 
geneous and transparent. 
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